Adhesion is regarded as an important step in the pathogenesis of several microorganisms. Thus, the ability to recognize extracellular matrix proteins, such as laminin or fibronectin, has been correlated with invasiveness. Studying the already characterized laminin-binding protein of Paracoccidioidcs brasiliensis, the 43 kDa glycoprotein (gp43), we evaluated whether MAb 1.H12, raised against the laminin-binding protein from Staphylococcus aureus, cross-reacts with that fungal protein. By immunoblot analysis we show that MAb 1.HI2 recognizes gp43. This interaction is able to inhibit the laminin-mediated adhesion to epithelial cells as well as the P. brasiliensis infection in vivo. Moreover, through immunoenzymatic assays, we show that MAb 1.HI2 recognizes gp43 in solid phase and that this interaction is partially inhibited by the addition of anti-gp43 MAbs. These results show that MAb I .H 12 recognizes the gp43, suggesting the presence of an epitope similar to those found in the other lamininbinding proteins from phylogenetically very distant cells. These findings reinforce the possibility of evolutionary conservation of such epitopes.
Introduction
Paracoccidioidomycosis is a systemic mycosis caused by the dimorphic fungus Paracoccidioides brasiliensis. Once in the host, the fungus can produce asymptomatic infection or disease, which may present different clinical aspects. Although the lungs are the most frequently affected organs, dissemination to other systems or tissues is commonly found. The different clinical forms depend on aspects peculiar to both, infecting agent and host [1] .
The ability of pathogens to bind to basement membrane or to other components of the extracellular matrix (ECM) has been postulated as an important mechanism in the adherence followed by invasion of host tissues [2, 3] . 
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In this way, pathogens may express on their surface molecules that recognize specifically ECM components such as collagens, proteoglycans, and other glycoproteins. Several surface proteins from bacteria, fungi and protozoa have been identified that recognize fibronectin [2] [3] [4] or laminin [2, 3, [5] [6] [7] [8] [9] .
Our group has previously shown that gp43, the main antigenic component of P. brasiliensis, is also a lamininbinding protein. The binding of gp43 to laminin has an estimated K d of 3-7 nM, similar to those found for the laminin-binding proteins described for other pathogens [5] . We have also demonstrated that the interaction between gp43 and laminin influences the fungal adhesion to epithelial cells in vitro and increases the pathogenicity in vivo, as observed by using the hamster testicle model [5] . On the other hand, we have also previously shown that MAb 1.H12, a monoclonal antibody produced against the laminin receptor from Staphylococcus aureus, is able to recognize different laminin-binding proteins present in cells phylogenetically very distant such as bacteria, unicellular parasites and mammalian cells [10, 11] .
In the present study we show that gp43, the lamininbinding protein from P. brasiliensis, is also recognized by MAb 1.H12, thus suggesting the presence of epitopes similar to those found in the other laminin-binding proteins and reinforcing the possibility of evolutionary conservation of that biologically important site.
Materials and methods

Fungal strains
Paracoccidioides brasiliensis strains B 339 and 18, kindly provided respectively by Angela Restrepo, Corporaci6n para Investigaciones Biologicas, Medellin, Colombia, and Vera Calich, Bioscience Institute of the Silo Paulo University, were maintained by subculturing every third day on Sabouraud glucose agar (Difco Laboratories) at 35 °C.
Cell lines
Madin-Darby canine kidney cells (MDCK) and A 549, a human lung epithelial carcinoma cell line, were kindly provided, respectively, by Wanderley de Souza, Institute of Biophysics, and Radovan Borojevic, Department of Biochemistry, both from Federal University of Rio de Janeiro. Cells were cultured in RPMI 1640 medium (Sigma) with 10% fetal calf serum (Cultilab, Silo Paulo). For adherence assays, cells were plated in 96-well tissue culture plates and grown to confluence at 37 °C in an atmosphere of 5% CO2 and 95% humidity.
Preparation of P. brasiliensis cell-free antigen
The fungus grown from three randomly selected tubes were collected by gently scraping the surface. The cell mass was suspended in 1 ml of phosphate-buffered saline (PBS), mixed 30 s on a Vortex and immediately centrifuged at 10 000 g in an Eppendorf centrifuge for 60 s. The supernatant fluid containing the released molecules constitutes the cell free antigen (CFA). Protein concentrations were determined by Bradford method [12] .
Purification of MAb t.H I 2
MAb 1.H12 (IgM monoclonal antibody anti-laminin receptor from S. aureus [13] ) was purified from ascitic liquid in Sephacryl S-200 (Pharmacia) gel filtration column [14] . Eluted fractions were recovered, measured spectrophotometrically at 280 nm (U-200 Spectrophotometer; Hitachi) and analyzed by 10% polyacrylamide SDS-PAGE under reducing conditions. Fractions containing immunoglobulins were pooled and twice dialyzed against PBS.
Laminin and related reagents
Laminin was purified from Engelbreth-Holm Swarm mouse tumor as described elsewhere [15] . Polyclonal anti-laminin antibodies were obtained by immunizing rabbits, intramuscularly, with purified laminin incorporated in complete Freund's adjuvant, for the first injection, and in incomplete Freund's adjuvant for the subsequent injections, at monthly intervals. Rabbit sera, collected by arterial ear puncture, were tested and titrated by EIA, as described before [16] .
SDS-PAGE and immunoblot analysis
SDS-PAGE was performed on vertical slab gels with 10% acrylamide in a Mini protean II-Cell (Bio Rad), always under reducing conditions, according to Laemmli [17] . After SDS-PAGE, CFA (50/~g) was electrophoretically transferred to nitrocellulose membranes and immunoblotting assay was performed as described elsewhere [6, 18] . Molecular of mass protein bands were compared with low molecular weight markers from Pharmacia (Pharmacia, Upsalla).
Adhesion assays
Yeast forms of P. brasiliensis (10 6 cells) were lzSI-labelled by the Iodogen method [19] , and incubated for 1 h in the absence or the presence of laminin (20/tg m1-1) with MAb 1.H12. (50/~g ml-l) or rabbit polyclonal anti-gp43 serum (diluted 1:100). Treated fungi were added to monalayers of A 549 cells which were previously grown in 96-well polystyrene plates (Costar). Wells were incubated for 18 h at 4 °C and washed twice with PBS. Adherence of yeast cells to the monolayers was estimated by counting the radioactivity in a Packard Gamma Counter. Similar adhesion assays were performed on MDCK cell line monolayers. The results are the average of three different assays.
Scanning electron microscopy of P. brasiliensis on MDCK monolayers
MDCK cells were cultured on 13-ram diameter glass coverslip to confluence. Fungal yeast forms, preincubated with 20/~g of murine laminin in the presence or absence of 50pg MAb l.H12, were added to the monalayers. After 2-h incubation at 37 °C, the glass coverslips were fixed in 2.5% glutaraldehyde, postfixed with 1% OsO4, dehydrated in ethanol, dried at the critical point with CO 2 and coated with gold. Scanning electron microscopy was carried out in Jeol 25S II scanning electron microscopy.
Immunoenzymatic assays
Enzyme-linked immunosorbent assay (ELISA) was performed as described [20] . Briefly, wells of polyvinyl microplates (Costar) were coated with affinity purified gp43 solution (4¢tg ml I in PBS-100/~I per well) [21] for 1 h at 37 °C. The remaining binding sites on the plastic surface were blocked with PBS containing 1% BSA for 1 h at room temperature. Wells were then incubated with MAb I.H12 solution (IgM isotype, 2.5~g m1-1, 50#1 per well) in the absence or presence of five MAbs anti-gp43 at the concentration of 10/lg ml i (50/~1 per well) (MAbs 17c, 40d7, 24a, 21f and 8a--all of them IgG 2b [21], rabbit polyclonal anti-gp43 serum (1:250), for 2 h at 37 °C, in triplicates. An irrelevant MAb (IgG 2b, 10~ug ml 1) was used as negative control. All MAbs were obtained from BALB/c mouse. The plate was then washed three times with PBS containing 0.05% Tween 20 and 0-25% gelatin, and incubated with species specific anti IgM-horseradish peroxidase conjugate 1:1000 (Bio-Rad). After another similar incubation, wells were washed and developed with OPD (o-phenylenediamine) as described elsewhere [20] . The optical densities were recorded in a Multiskan MCC/ 340 II EIA reader at 492 nm. Similar assays were carried out to evaluate the ability of MAbs anti-gp43 (10/~g ml-1) to inhibit the recognition of gp43 by MAb 1.H12 (1 #g ml 1). The results are expressed as the average of two experiments performed in triplicates.
Hamster infections
Three-month-old male hamsters, provided from Animal Farm, UNESP, Botucatu, were divided into four groups of five animals each. All animals were injected in the left testicle with 106 viable yeast cells of P. brasiliensis strain 18. One group was infected with fungus pre-treated with 20¢tg of laminin and 50¢tg of MAb 1.H12 while other groups were injected with fungus pre-incubated with laminin or MAb 1.H12 or with PBS alone.
Histology
Hamsters were sacrificed 2 or 4 weeks after inoculation. Testicles were excised, fixed in 10% buffered formaline and embedded in paraffin for sectioning. Sections were stained with hematoxilin-eosin (HE) and examined microscopically. Extension of infection was evaluated by measuring the testicular area occupied by P. brasiliensis granulomas in two microscopic fields using the Minimopp system (Kontron Bildanalyse, Image Analysis 
Statistical analysis
Results on granuloma areas were analysed Kruskal-Wallis test, as described before [5] .
by the
Results
Adhesion of P. brasielensis to epithelial cell monolayers
Previous treatment of fungal yeast cells with laminin greatly increased their adhesion to A 549 epithelial cell monolayers. However, when MAb 1.H12 (50/1g ml -~) was added to this system, which contained 20 ¢tg ml-~ of laminin solution, a significant reduction in fungal adhesion to lung epithelial cells was observed (Fig. 1) . Similar results were observed with MDCK monolayers (data not shown). By scanning EM it was observed that very few fungal forms adhered to the MDCK cells in the presence of laminin and MAb 1.H12 (Fig. 2b ) whereas large clusters of yeast tightly bound to the MDCK cells were seen when only laminin was added to the culture (Fig. 2a) .
Characterization of the binding of MAb I.H 12 in fungal proteins
Indirect immunoblot analysis of P. brasiliensis total CFA showed that MAb 1.H12 (10/tg ml-l) recognized a fungal glycoprotein of 43 kDa which also strongly and specifically binds laminin (Fig. 3 ). An irrelevant MAb was used as a negative control (data not shown).
Recognition of gp43 by MAb I.H 12 in immunoassays
Direct recognition of gp43 by MAb 1.H 12 was carried out by immunoenzymatic assay in the presence or absence of MAbs anti-gp43 (17c, 40.d7, 24a, 21f, 8a) and rabbit (in the range of 32-70%) or rabbit polyclonal anti-gp43 serum (65% inhibition) into the system (Fig. 4) . The recognition of gp43 by anti-gp43 MAbs was also significantly reduced when MAb 1.H12 was used as inhibitor (30-45% of inhibition (data not shown).
Modulation of in vivo infection by MAb hH 12
Histological analysis of infected hamster testicles showed that the tissue destruction and replacement by P. brasiliensis granulomas, 2 weeks after injection, was significantly reduced in the groups infected with yeast cells treated with laminin plus MAb 1.H12 (Fig. 5b) , a result similar to that obtained with the fungus alone or the fungus plus MAb 1.H12 (data not shown), compared with the animals treated with only laminin (Fig. 5a) . Similar results were observed after 4 weeks of infection (data not shown). The evaluation of the testicular area occupied by granulomas in the different experimental groups (five hamsters per group) is shown in Figure 6 for both 2 and 4 weeks of infection, and found to be statistically significant (P < 0.O5). Occupied areas with P. brasiliensis granulomas were significantly smaller for yeast forms treated with laminin plus MAb 1.H12 than the granuloma areas found in hamsters which received fungi pre-treated with only laminin. *Statistically significant (P < 0-05).
Discussion
The mechanisms involved in the pathogenicity of P. brasiliensis in humans is not well understood. As the infection may disseminate to different organs and tissues, the ability of the fungus to adhere to and escape the barrier represented by the basal membrane is assumed. It has been previously shown in our laboratory that after pathogens bind laminin through specific receptors changes in their behaviour, which include higher invasiveness, are observed [6 8,13] . The same phenomena has also been shown for metastatic cancer cells [22, 23] . The intracellular mechanisms involved in these changes are still to be demonstrated. Experiments were then made to check the possibility that similar mechanisms could be effective in the pathogenesis of P. brasiliensis. We described that gp43, the major antigenic component of P. brasiliensis, is also a laminin-binding protein.
Further evidence of the relevance in the interaction between gp43 and laminin arose from in vivo studies, using the hamster testicle model in which the coating of fungal yeast forms with laminin before injection enhanced fungal virulence, resulting in faster and more severe granulomatous disease [5] . Among the several laminin-binding proteins described, our group has already shown that those proteins from S. aureus, Trichomonas vaginalis, T. foetus and melanoma cells are all recognized by an antibody originally raised against the 52 kDa laminin-binding protein of S. aureus MAb 1.H12 [6, 10, 13] . As those molecules are expressed in bacteria, protozoa and mammalian cells, we investigated the possibility of MAb 1.H12 recognition of a lamininbinding protein present on the surface of the pathogenic fungus P. brasiliensis.
Comparing the results of adhered P. brasiliensis yeast cells treated with laminin and laminin plus MAb 1.H12 on both monolayers of epithelial cell lines (MDCK and A549), it was observed that fungal adhesion was significantly diminished when this MAb was introduced to the system. Those findings were also confirmed on EM studies, where a reduction of tightly bound yeast forms on MDCK monolayers was observed compared with the adhesion of fungus pre-treated only with laminin. These results suggest that the addition of MAb 1.H12 neutralized the strong enhancement of P. brasiliensis lamininmediated adhesion to epithelial cells, as previously reported by our group [5] . It was also noteworthy that addition of MAb 1.H12 on laminin coated yeast cells reduced the adhesion levels to those observed with untreated P. brasiliensis.
Immunoblots of cell free antigens preparations showed that MAb 1.H12 recognized specifically one fungal glycoprotein with 43 kDa, the same we characterized before as responsible for P. brasiliensis interaction with laminin [5] .
Further evidences of interaction between gp43 and MAb I.H12 were obtained from immunoassays. MAb 1.H12 recognized gp43 in solid phase coatings. This interaction was partially inhibited by addition of anti-gp43 MAbs, or anti-gp43 polyclonal serum. Moreover, the recognition of gp43 by MAbs anti-gp43 was also inhibited by the introduction of MAb 1.H 12 into the system. Those results strongly suggest that MAb 1.H12 is able to recognize specifically gp43. Most probably MAbs anti-gp43 and 1.H12 bind to the same, or close to the same, binding site involved in the adherence. These findings are in agreement with previous studies which showed that MAb I.H12 recognizes other laminin-binding proteins from different pathogens and mammalian cells [11] .
Considering that previous treatment of yeast forms with laminin results in increased granuloma areas in the hamster testicle model, we also investigated the effect of MAb 1.H12 in vivo. The results showed that the area occupied by granulomas was much smaller when P. brasiliensis was treated with laminin plus MAb 1.H12, and the infection was significantly less intense when compared with infections produced with yeast cells treated only with laminin.
The evidence presented here suggest that MAb 1.H12 recognizes a gp43 epitope which is involved in the binding to laminin, with biological consequences both in vitro and in vivo. On the other hand, considering the monospecificity of MAb I.H 12 and the recognition of shared epitopes on surface molecules in phylogenetically very distant cells, our results strongly suggest that at least one of the binding sites on different laminin-binding proteins is similar and evolutionarily conserved.
Those findings are of relevance inasmuch as the characterization of these conserved sequences on different pathogen surface molecules offer an innovative perspective for therapeutic approaches in some infectious diseases, in this way it would be possible to develop reagents able to inhibit adhesion of pathogens at the very beginning of infection, thus blocking their ability to bind to extracellular matrix components, a mechanisms postulated as necessary for the spread of the disease [2, 3] .
